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Abstract- The purpose of this study is to measuring the chloride ion concentration in blood 
serum using a pair of chloride ion-sensor and reference electrode at integrating single strip 
(ISS). The chloride ion-sensor is offered through the chlorination process of the Ag surface on 
the strip to form an Ag/AgCl layers are sensitive over of chloride ion. The reference electrodes 
have been fabricated using three membrane layers with different roles and compositions. The 
first layer is a mixture of Chitosan/Cellulose Acetate (CA) membrane doped with 3 M KCl 
salt, where the first layer is placed above the surface of the Ag/AgCl electrode that has been 
previously provided. The first layer acts as an inner layer. While the second layer is a mixture 
of Chitosan/CA membrane doped with 0.1 M KNO3 salt which acts as an outer layer. While 
the third layer is a CA membrane that acts as a protective layer. Chitosan/CA membrane 
mixture uses a ratio of 20:80. The ISS showed a good performance by generating range 
measurement 1 M–10-3 M and had selectivity towards H2PO4-=-3.40 to -3.64, HPO42-=-3.67 to 
-3.83, NO3-=-1.42 to -1.65, HCO3-=-2.29 to -2.35 and SO42-=-3.84 until -4.25. The 
measurement of chloride ion on blood serum gave results equivalent to the ISE commercial 
and the ion analyzer equipment. 
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1. INTRODUCTION  

The chloride ion is an important anion in the human body. The balancing of acid-based on 
the body will be controlled by the presence of chloride ion. In-balancing of the chloride ion 
could be cause the acidosis metabolic interrupted [1]. The normal concentration of the chloride 
ion in the human blood serum is 95–106 mmol/L [2,3]. 

Many techniques were used to analyze of the chloride ions for the example titration method 
with AgNO3 [4], UV-VIS spectroscopy [5], ion chromatography [6] and also ICP [7]. But, all 
these techniques showed some disadvantages like as required a lot of samples, time-consuming, 
high cost and destroyed the samples. 

One of the method to measurement of the chloride ions are ion-selective electrodes (ISE’s), 
wherein the surface of an ISE very sensitive toward the concentration changing of a target ion. 
The ISE method is an analysis technique using potentiometric measurements. The 
measurement based on the measurement of the potential difference between ISE and reference 
electrode v's logarithm of ion concentration in the samples following the Nernst equation 
below: 

E =Eo +(2.303RT/zF) Log [ai]                                                                                                  (1) 

wherein E is the delta of an ISE potential and a reference electrode. The Eo is the standard 
potential of the an analyte, while R is the constant of the ideal gas 8.3145 J/K mol, T is an 
absolute temperature in K, z is a charge of the target ion’s, F is a Faraday number with 96,485 
C/mol and ai is an activity concentration of the target ion [8,9]. This method has some 
advantages like as not damage the sample, need the small sample, in-situ measurement, wide 
range measurement and cheap [10,11].   

Commonly, the chloride ISEs and reference electrode has rod shape and big size, that form 
felt less effective if used to measure the chloride ion from a biological sample wherein usually 
has limited volume. To overcome this problem, a breakthrough is needed by creating an 
chloride ISE and reference electrode with a simpler shape and size as in the form of a strip. In 
this form, both electrodes can be integrated into a single strip electrode [11,12].  

Some chloride ISEs have been already to developed. Commonly, the chloride ISEs using 
the thin film membrane such as PVC contain the chloride ion recognition [13,14]. But, the 
majority of the material used has a high price. To solve this problem, this research used an 
AgCl coating growth process on the surface of Ag electrodes to produce Ag/AgCl electrodes. 
This is inseparable from the sensitivity of the Ag/AgCl electrodes towards the chloride ion 
changing in the sample [15,16].  
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In the potentiometric measurement required a reference electrode beside an ISE. The 
reference electrode has the main character is the potential always fix, although the 
concentration of the sample changes [17]. One of the common types of the Ag/AgCl reference 
electrodes is the double junction. This electrode has two chambers, wherein the inner chamber 
contains saturated of the KCl electrolyte and the outer chamber contains the lower 
concentration of the electrolyte such as KNO3. The construction like this become the challenges 
to move the miniaturization process of the reference electrode to strip form and also to integrate 
with the chloride ISE in a single strip [12]. 

Some previous researchers have developed the Ag/AgCl reference electrode with strip 
form. Alva et al in 2016 used a poly (butyl acrylate) polymer doped with two types of lipophilic 
salts and different charges so that an ionic charge was reached in the polymer. Meanwhile, 
another study used KCl printed on an Ag/AgCl layer and then protected by a membrane layer. 
However, the use of charge balancing has the disadvantage of such a component leach out from 
the membrane, so the balance of charge is disrupted. Meanwhile, the use of printed KCl has 
the potential to cause blood serum sample contamination due to chloride ions coming out of 
the reference electrode [18,19]. 

In order to solve the problem, in this research, the development of a reference electrode of 
Ag/AgCl strip based on the hybrid membrane of chitosan and CA and KCl salt as the 
electrolyte. The choice of the chitosan is based on the ability of the chitosan to adsorb the ion, 
so it can control the movement of ions from the electrolyte to not quickly exit to the sample. In 
addition, the chitosan also has the ability as an inhibitor [20], thereby preventing oxidation of 
Ag/AgCl surfaces. Meanwhile, the CA was selected in this study because CA has physical 
properties such as strong, transparent, cheap and porosity [21]. The presence of CA membranes 
is expected to increase the strength of the chitosan and still be able to provide a way for the 
movement of ions from both directions. 

The purpose of this study was to develop the pair of the chloride ISE integrated with an 
Ag/AgCl referenced electrode in a single strip to measure the Cl ions in the blood serum. 
     

2.EXPERIMENTAL 

2.1. Materials and Apparatus 

The materials used in this study include the low molecular weight of the chitosan and a 
cellulose acetate Mn 50.000 from Sigma-Aldrich, the anhydrous of the  acetic acid glacial 
100%, the salts such as Iron(III) chloride anhydrous, sodium chloride, potassium sulphate, di-
potassium hydrogen phosphate, monopotasium dihydrogen phosphate and also sodium 
hydrogen carbonate from  Merck. The AgCl 99.999% trace metals basis from Across. The 
equipment used in this paper is an ion meter equipment from Orion Thermo Scientific Orion 
4-Star Plus pH/ISE Meter to measure the potential difference. Scanning Electron Microscopy 
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(SEM-Zeiss EVO-40 EP) for surface analysis of electrodes. Dimension® RxL Max Ion 
Analyzer to measure the concentration of Cl ions in blood serum. 
 

2.2. Experimens  

2.2.1. Preparation of Ag/AgCl Electrodes 

The first step in doing this research is to chlorinate Ag layer surfaces on strip electrodes 
printed in Mimos Berhad Malaysia forming a blackish AgCl layer. The shape of the Ag-strip 
electrode looks like in Fig.1. below. Chlorination was done by dipping the strip electrode into 
a 0.1 M FeCl3 solution so that all parts of the silver layer (Ag 1 and 2) are submerged. The 
chlorination was carried out for 30 seconds and then the strip electrode was rinsed with the de-
ionized water to clean and dried the electrodes. 
 
 
 
 

                                                  
 
Fig. 1. The construction of strip electrode of the Ag electrodes. The Ag 1 function as a Chloride 
ISE and the Ag 2 function as a reference electrode. 
 

The chloride response was measured after the Ag/AgCl electrodes dry. The measurement 
is done by pairing with the double junction of the Ag/AgCl reference electrode to connect to 
ion meter. The measurement is done in the various concentrations of chloride solution within 
the range 0.1 to 10-7 M.  In addition to the Cl-ion response test, there is also a description of 
the electrode surface using SEM. Further, Ag/AgCl 1 electrode functioned as a Chloride ISEs, 
whereas Ag/AgCl 2 functioned as a reference electrodes. 
 

2.2.2. Selectivity and Life time Test of the Chloride ISEs 

After the Cl response test was finished, the next test is measuring the selectivity of the 
Chloride ISEs towards the presence of the interfering ions such as NO3-, SO42-, H2PO4-, HPO42- 
and also HCO3-. The selectivity test is carried out by a separate solution method (SSM) method 
in which all test solutions used have a concentration of 0.1 M. In addition to the selectivity test, 
the lifetime test of the Chloride ISEs was performed. The life time test is done by looking at 
the amount of usage against the decrease of Nernstian numbers of the Chloride ISEs. 
 

Ag Electrode 1 Ag Electrode 2 



Anal. Bioanal. Electrochem., Vol. 11, No. 12, 2019, 1669-1686                                        1673 
 

2.2.3. Preparation and Characterized of the Ag/AgCl Reference Electrodes 

On top of the Ag/AgCl2 electrodes done to characterize was to deposited 20 µL with various 
compositions of the mixture a Chitosan and a CA membrane which contain 10% of the KCl 3 
M (w/v) and a small amount of an AgCl powder. After being deposited, the electrodes are 
allowed to dry overnight at room temperature and a film layer is formed which acts as an inner 
layer. After the inner layer has dried and formed, the inner layer surface is coated with 20 µL 
Chitosan/CA mixture containing 10% w/v 0.1 M KNO3 and re-dried overnight at room 
temperature to form a second membrane layer which acts as an outer layer.  After the second 
membrane layer is formed, then on the surface of the second membrane layer is coated with 20 
µL CA membrane with a concentration of 5% w/v as the third membrane layer. Furthermore, 
drying is carried out overnight and a third film layer will form which acts as a protective layer. 
The sketch of the integrated electrode can see in Fig. 2 below.  

 

 
Fig. 2. The sketch of the integrated electrode between the Chloride ISEs and an Ag/AgCl 
reference electrode in the single strip electrode 
 

After the Ag/AgCl reference electrode already prepared, the reference electrode will be 
tested by measuring ∆mV in various concentrations of the Cl ion within the range 0.1-10-4 M 
vs. the standard of an Ag/AgCl reference electrode. In this test, the strip of the Ag/AgCl play 
as a working electrode. The best composition of the reference electrode will be chosen for 
paired with a commercial of the Chloride ISEs for measuring an artificial of the Cl ion solution 
within the range 10-100 mmol/L. The results will compared with the data from pairing a 
commercial of the Ag/AgCl reference electrode vs. a commercial of the Chloride ISEs.  
 

2.2.4. Chloride Ion in the Blood Serum 

The pairing of the Chloride ISEs and the Ag/AgCl reference in the a single strip electrode 
connected to ion-meter and soaked in various concentrations of the Chloride ion calibration 
solutions within the range 1-10-3 M. The reading from an ion-meter were recorded. After the 
calibration, the measurement process to be continued with measuring the standard of blood 
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serum A and B. The reading from ion-meter back to recorded and input within the calibration 
solution data and convert to chemical unit. The results which found compared within the results 
from measuring with ion analyzer instrument and also with the results from the pairing of the 
standard of the Chloride ISEs commercial and an Ag/AgCl reference electrode commercial 
with double junction type.  
 

3. RESULTS AND DISCUSSION 

3.1. Cl-Ion Response 

The Nernstian’s response occurs when the response of the ISE follows the thermodynamic 
balancing between the concentration of the ions in the solution and the ions on the surface of 
an electrodes. The Nernstian's response is illustrated by the plot of the potential energy 
difference between sensor vs. logarithm of ionic activity of the analytes (aA) is linear with a 
slope in the theory of 59.16 mV/decade at 298.15 K. In the testing of the Chloride ISEs response 
in this study, as many as three the Chloride ISEs have been provided and the results are 
compared to a commercially of the Chloride ISEs. In this study, the response of the Chloride 
ISEs is shown in Fig. 3. It’s seen from the Fig. 3 that the potential energy value of the Chloride 
ISEs will be higher when the concentration of the sample is lowered. This is consistent with as 
explained by the Nernstian equation, i.e. theoretically there will be an increase in potential 
value of -59 mV per 10-fold decrease in the concentration of a single charge anion [8,9]. 

 

 
 
Fig. 3. The Chloride ISEs response in various concentrations of the Chloride ion solutions 
within range 1–10-7 M 
 

The Ag/AgCl surface is very sensitive to changes in the Chloride-ion concentration in the 
sample, so it can be used as a Chloride ISEs following the equation: 
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E = Eo – 59.16 mV Log [Cl- ]                                                                                                (2) 

According to the fig. 3, all ion selective electrodes, either strip or commercial type, show a 
detection range of 1 M to 10-3 M. While at a concentration of less than 10-4 M, the Chloride 
ions response is increasingly constant. This phenomenon always occurs in a low concentration 
solution. This is due to the concentration of the foreigns or interfering ions higher than the 
target ion such as the Chloride ions, resulting in competition and interference the response of 
the Chloride ISEs. Another possibility is that the amount of target ion concentration is low 
enough, so it does not provide enough stimulation to be detected by Chloride ISEs [15,16].  

 

 
Fig. 4. The Chloride ISEs A, B, C and a the Chloride ISE commercial (D) 

 

 
Fig. 5.  SEM images of an Ag/AgCl layer of the Chloride ISEs (A, B and C) with 10000x 
magnification 
           

Table 1.  Performances of the Chloride ISEs  A, B, C and also commercial 
 

Sensors Slope (mV/dec) Linear Range (M) LOD (M) R2 

Comm -53.4 1–10-3 1.02×10-4 0.9997 
A -51.6 1–10-3 1.20×10-4 0.9981 
B -50.9 1–10-3 8.32×10-5 0.9992 
C -51.4 1–10-3 1.74×10-4 0.9997 
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It appears that the response and performance of the Chloride ISEs look unequal for all four 
ISEs (Fig. 3 and Table 1). This is because the surface area of Ag contained in the electrode is 
not uniform as shown in Fig. 4. The difference in surface extent of this Ag layer causes the 
formation of AgCl layer through a chlorination process by using FeCl3 to become non 
homogeneous. This is also confirmed by fig. 5 which is an SEM image of Ag/AgCl electrode 
from Fig. 4. (electrode A, B and C). As a result will cause the ability of the Chloride ISEs to 
respond to the presence of the Chloride ions in samples is also different for each ISEs [19,22]. 
 

3.2. Selectivity Coefficient 

The selectivity coefficient is one of the basic parameters in the an ISE. The purpose of the 
selectivity coefficient measurements is to look at the ability of an ISE to detect the target ion 
even though the sample is mixed with interfering ions or foreign ions. [23,24]. The separated 
solution method (ssm) is one of the common methods for measuring the selectivity coefficient 
of an ISE.  [8,24-27]. The ssm method is determined by measuring the potential energy of the 
target ions i.e. the Chloride ions and interfering ions such as HCO3-, H2PO4-, HPO42-, NO3- and 
SO42- separately wherein a target ion concentrations and the interference being the same 
concentration i.e. 0.1 M. The experimental results of the selectivity coefficient can be seen in 
Table 2.  
 
Table 2.  The Selectivity coefficient (Log Kpota,b) of the Chloride ISEs toward presents of the 
various interfering ions 
 

Interfering Ions Comm A B C 

H2PO4
- -3,55 -3,64 -3,62 -3,40 

HPO4
2- -3,73 -3,72 -3,83 -3,67 

NO3
- -1,68 -1,42 -1,56 -1,65 

HCO3
- -2,21 -2,29 -2,32 -2,35 

SO4
2- -4,19 -3,90 -4,25 -3,84 

 
The selection of the interfering ions as contained in Table 2 is based on the fact that they 

are commonly ions in the blood serum [28,29]. Based on Table 2, it can be seen that NO3- ion 
has Log Kpota,b value is bigger than other interfering ions that is equal to -1,42 until -1,65. This 
indicates that the NO3- -ion exhibits as the main interfering ion and may obscure the reading of 
the Chloride ISEs when it is present in the sample as much as 10 times more than the Chloride 
ion concentration. The second interfering ion is an HCO3- ion with a Log Kpota,b value of -2.21 
to -2.35, so it may cause readout interference when present in the sample to be approximately 
100 times more than that of the Chloride ion itself. As for the ions such as H2PO4-, HPO42- and 
SO42- are seen as less interfering because they are extremely negative. So the order of 
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interference given is NO3->HCO3->H2PO4-≈ HPO42-≈SO42-. This data corresponds to the data 
shown by the Hofmeister series wherein the  Hofmeister series is a series to see the ability of a 
salt to dissolve into a protein. Based on the Hofmeister series the NO3- ions will be more easily 
dissolved so that it will provide greater interference compared to other interfering ions such as 
HCO3-, HPO42-, H2PO4- and SO42- [30,31]. 
 

3.3. Lifetime 

In this study, lifetime test was performed by using three Chloride ISEs such as D, E and F 
electrodes. The purpose of this lifetime test is to see how many times a Chloride ISEs can be 
used. In this study, as many as three Chloride ISEs have been used in lifetime testing as the 
results can be seen in Fig. 6. In general, from Fig. 6 it can be seen that the first to fifth 
measurements of the three ISEs used to show a decrease in Nernstian numbers. Specifically on 
the fifth measurement, all three ISEs even exceed the permissible Nernstian number of >-45 
mV/decade for a single charged anion. This condition is normally called as a sub Nernstian 
[32]. Therefore, the use of Chloride ISEs is limited to only four time uses. 

 

 
Fig. 6. Graph of Nernstian number relationships to the number of the Chloride ISEs use 

 
The decreased performance of the Chloride ISEs is in line with the amount of usage can be 

caused by several factors, including dissolution of an AgCl layer on the surface of the ISEs. 
The AgCl has a Ksp value of 1.8×10-10, this will cause dissolved 1.9 mg of AgCl into one liter 
of water at room temperature. Meanwhile, on three dimensional plate size 100 µm×100 µm×1 
µm, the AgCl can dissolve in water with volume less than 75 µL. This situation will of course 
reduce the thickness of an AgCl on the Chloride ISEs, while the AgCl layer is very sensitive 
to the presence of the Chloride ions from the sample solution and this will cause the sensitivity 
of the Chloride ISEs to be reduced [22]. 

Another factor that may help reduce the sensitivity of the Chloride ISEs is the occurrence 
of the formation of a silver oxide layer through the dissolution of carbon dioxide trapped in the 
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analytes solution or samples. This silver oxide layer normally has a brown to blackish brown 
color, so it is difficult to distinguish visual vision with the AgCl layer which also has almost 
the same color. The formation of this silver oxide layer will cause the blocking of the Chloride 
ions to interact with the AgCl layer [33]. Meanwhile, in Fig. 6, the Nernstian number in the 
sixth measurement shows the Nersntian number returning to near with the ideal value. This is 
because after the fifth measurement, the oxidized AgCl surface is purged with sandpaper, so 
that eliminating the Ag2O layer formed on the AgCl surface and regenerating the Ag surface 
hereinafter re-chlorinated. The mechanism of silver oxide coating formation can be seen 
through the equation: 

CO2+H2O → H2CO3(l)                                                                                                     (3) 
CO32-+2Ag+ →  Ag2CO3(s)                                                                                                  (4) 
Ag2CO3 → Ag2O(s) + CO2(g)                                                                                         (5) 

 

3.4. ∆mV Cl Planar Reference Electrode 

One of the most important things in fabricating a planar reference electrode is the 
measurement of the ∆mV. Measurement ∆mV aims to see the impact of potential changes that 
occur due to changes in the concentration of the sample environment, where the reference 
electrode should have a fixed potential value even though the sample concentration changes. 
The main factors that can influence on ∆mV of the planar reference electrode are:  

a. The existence of direct contact between the sample with the surface layer Ag/AgCl. This 
occurs if the membrane layers present on the leaky electrode surface, causing the disturbance 
of the anion is mainly Chloride. This causes the change of the potential energy value of the 
planar reference electrode to be greater [13-15]. 

b. Dissolution of an AgCl matrix into the sample solution. This rarely occurs in planar 
reference electrode or solid electrode. The dissolution of an AgCl matrix is common in the salt 
bridge of the reference electrodes. However, if the planar reference electrode is too often 
soaked too long it will speed up the AgCl dissolution process from the Ag/AgCl surface. In 
solution, AgCl will produce a Chloride ions following the reaction of equation (1) above, so 
that the balance and a Chloride ions concentration will change and may affect the potential 
value of the reference electrode [22].  

c. The properties of the membrane matrix are used. In the fabricating a planar reference 
electrode, the membrane serves to facilitate the movement of ions from the sample to the 
reference electrode. If the material used is too hydrophilic, it can cause the solution to enter the 
membrane excessively and cause the membrane to break apart from the surface of the electrode. 
Meanwhile, if the membranes used are very hydrophobic, then this can block the movement of 
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ions inside the membrane and disturb the potential energy value of the reference electrode 
provided [18,34]. 

In this study, the ∆mV test was performed with three planar reference electrodes with 
different membrane compositions as shown in the Table 3 below.  
 

Table 3.  The membrane composition of the planar reference electrode 
 

Planar Reference Electrode Chitosan (%v) Cellulose Acetate (% v) ∆mV Cl 

PRE 1 100 0 100 
PRE 2 30 70 58 
PRE 3 20 80 6 

 
Based on the data shown in the Table 3, it is shown that the PRE 1 electrode with 100% 

Chitosan membrane composition has a considerable ∆mV is 100 mV. In addition to the PRE 
1, a large ∆mV value also seen in the PRE 2 has ∆mV Cl is 58 mV. While the PRE 3 has a low 
∆mV value is 6 mV and it is close with the ideal value around 0 mV.  

 

 
Fig. 7. Response of reference electrode PRE to variation of Cl ion concentration 

 

 
 
 
 
Fig. 8. The membrane form on the surface of the PRE reference electrode after measurement 

 

Broken membrane membrane 
peel-off 

Solid membrane 
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The magnitude ∆mV value of the PRE 1 electrode is also seen in the Fig. 7 where in the 
picture seen the potential value generated greater with a decrease of the Chloride ions 
concentration. This is confirmed by the breaking of the Chitosan membrane layer on the 
electrode as shown in Fig. 8 below. The breakdown of the Chitosan layer causes a direct contact 
between the Chloride ions of the sample with the Ag/AgCl electrode layer, where the AgCl 
layer is very sensitive to the presence of the Chloride ions [13-15]. 

Meanwhile, the Fig. 7 also shows a significant increase of the potential values between  
10-2-10-4 M of the Chloride ions at the PRE 2 electrode. This is due to the breakup of the hybrid 
membrane of a Chitosan/CA as shown in the Fig. 8 Of course, this facilitates the direct contact 
between the Chloride ions with the AgCl surface. Rupture of the Chitosan membrane and a 
hybrid of the Chitosan/CA is caused by one of the properties of a Chitosan that easily bind a 
water, thus making the Chitosan become swollen and collapse [20]. 

While on the PRE 3 using a composition of 20:80 Chitosan and CA exhibited a stable 
potential value as shown in the Fig. 7. The stable potential value of the PRE3 electrode is in 
fact shown in the Fig. 8, that the membranes used are not damaged after use when measuring 
in the various of the Chloride ions concentration. This is inseparable from the characteristics 
of the CA capable to providing a good network structure through a segregation system of an 
aggregation-induction phase and basically a CA will not be soluble in the solvent, thereby 
capable of the forming micro-pores.  
 

 
Fig. 9.  A commercially of the Chloride ISE response vs. PRE 3 and GRE 

 
Given this network and micro-pores, the Chitosan will fill the structure of the Micro-pore 

of the CA and strengthen the structure of the Chitosan [35,36]. However, if the amount of the 
CA employed is less, will cause the hybrid membrane of the Chitosan/CA to break apart as is 
found in the PRE 2 electrode. The low amounts of the CA were not able to fully strengthen the 
structure of the hybrid membranes used. 
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3.5. The Chloride ISEs v’s Planar Reference Electrode 

This experiment aims to see the performance of the planar reference electrode. In this 
experiment, the planar reference electrode used is a PRE 3 electrode having a 20:80 
Chitosan/CA membrane layer. The Fig. 9 below shows a comparison graph of the response of 
a Chloride ISE commercial measured using a single junction of Ag/AgCl reference electrode 
(GRE) and also a planar reference electrode (PRE 3). It was seen that the response given by 
both reference electrodes did not show a significant difference. 

Meanwhile, the Fig.10 shows a measurement of a commercial Chloride ISE, planar G, H 
and also I v’s. a planar reference electrode PRE 3. This experiment shows the ability of the 
reference electrode PRE 3 to function properly as a reference electrode. This is cannot be 
separated from the combination of the Chitosan and CA with the right composition. The 
combination of transforming the Chitosan structure becomes stronger [36], yet still able to 
maintain the ionic movement in the membrane. The Chitosan and CA can be hybridized or 
mixed, because both membranes have almost the same structure. Besides, the Chitosan has a 
positive charge on the amine group (NH2+) [37] and the CA has a negative charge on its acetic 
group (CH3COO-), so that both membranes can interact to form a membrane hybrid [35]. 

 

 
 
Fig. 10. The response of a Chloride ISE commercial, G, H and I vs. planar reference electrode 
PRE 3 
 

In the fabrication of the planar reference electrode, the selection of the membrane material 
as a support matrix for electrolyte salts such as KCl and KNO3 is essential. The membranes 
used should have good mechanical strength properties, so the membrane is not easily broken 
and also still does not block the movement of the ion transfer process. In addition, the 
membranes used do not easily to dissolve or react with the sample solution [18,34]. All these 
characteristics are met by the hybrid membrane of the Chitosan/CA at a certain ratio. In this 
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experiment the optimum ratio is 20:80. The performance of the planar reference electrode is 
also shown in Tables 5 and 6. 
 
Table 5. The performance data of a Chloride ISE commercial vs. the planar reference electrode 
and glass reference electrode (GRE) 
 

Reference Electrode Slope (mV/dec) Linier Range(M) LOD (M) R2 

PRE 3 -54.3 1–10-3 6.31×10-5 0.9974 

GRE -52.6 1–10-3 1.26×10-4 0.9995 

 
Tabel 6. The performance data of the planar Chloride ISEs (G, H, I) and commercial vs. planar 
reference electrode PRE 3 
 

Electrode Slope (mV/dec) Linier Range(M) LOD (M) r2 

Commercial -54.3 1–10-3 6.31×10-5 0.9974 
Planar G -49.5 1–10-3 4.79×10-5 0.9966 
Planar H -50.4 1–10-3 3.16×10-4 0.9999 
Planar I -48.9 1–10-3 2.19×10-4 0.9964 

 

 
Fig. 11. Comparative data measurements of the Chloride ion artificial solutions in the different 
concentration using a commercial electrode pair and the planar electrode pairs 
 

3.6. Measurement of Artificial and Blood Serum Samples 

Blood serum is a blood plasma of blood that does not contain fibrinogen and is not a blood 
cell. Serum content is very complex and consists of proteins, electrolytes, antibodies, antigens 
and hormones. So that blood serum is often used to analyze the disease [38-41].    
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Prior to testing of a real sample of blood serum, the Chloride ISEs (G,H and I electrodes)  
integrated planar reference electrode (PRE 3) was tested using an artificially of the Chloride 
ion solution with concentrations of 10 mmol/L, 50 mmol/L and 100 mmol/L. The result of 
measurement of this artificial solution will be compared by using pairs of a Chloride ISE 
commercial - a glass reference electrode (GRE) commercial and called as a commercial 
electrode. The measurement results can be seen in the Fig. 11. 

In this experiment, as many as two blood serum samples obtained from the Depok Regional 
Hospital (RSUD Depok) were used as a real sample to measure the concentration of the 
Chloride ions in blood serum samples by using the planar Chloride ISEs integrated with PRE. 
The results obtained were compared with the measurements done by using the pairs of the 
commercially electrode of a Chloride ISE/GRE and also compared with the measurement 
results using the ion analyzer equipment in the Depok Regional Hospital. The results of the 
real sample measurements are shown in the Fig. 12. 

 

 
 
Fig. 12. Graph of the Chloride ion measurements in blood serum samples A and B uses Ion 
Analyzer, a pair of the commercial electrode, and the integrated planar electrode (G, H and I) 
 

Based on Fig. 11 and 12, it can be seen that the measurement results do not show too much 
concentration difference. This shows that the integrated planar electrode can serve to measure 
the sample whether it is an artificial or real sample. The presence of some interfering ions 
present in the serum sample is not strong enough to interfere with the measurement readings 
by the planar Chloride ISEs. This is because the planar electrodes have good selectivity as 
shown in Table 2. 

The little differences occur due to several factors, such as the presence of the Chloride ion 
contained in PRE and GRE dissolved in the sample, thereby increasing the Chloride ion 
concentration in either artificial samples or real samples. This is seen from the Fig. 11 and 12 
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some measurements show a slightly higher concentration value. The phenomenon of the 
Chloride ion dissolution often occurs slowly in measurements using the ISE methods [13-15]. 
Meanwhile, another factor involved was the slow oxidising process on the surface of the 
Chloride ISEs in the sample due to contact between the sample solution and the electrode, 
wherein the AgCl layer on the surface of the electrode is oxidized to silver oxide (Ag2O) as 
described in equations 2 to 4. Another phenomenon that can contribute is the process of 
dissolving the AgCl layer from the Chloride ISEs surface into the sample, since the sample 
used is including high concentrations. On three dimensional plates measuring 100 µm×100 
µm×1 µm, AgCl is soluble in water with a volume less than 75 µL [22,33].  
 

4. CONCLUSION 

The development of the integrated a Chloride ISEs and an Ag/AgCl reference electrode 
based on the mixture of a Chitosan/CA membrane for blood serum has been successfully 
developed. The planar Chloride ISEs exhibit good selectivity against several anions such as 
HCO3-, H2PO4-, HPO42-, NO3- and also SO42-. While the present of the CA membrane in the 
right composition has been to help the Chitosan membrane become more strengthened. This 
situation gave the performance effect of the planar reference electrode become more stable. In 
addition, all’s of the planar integrated electrodes show the appropriate linear range for 
measuring the concentration of the Chloride ion in the blood serum and can be used for four 
times the use. The result of the measurement which to show from integrated planar electrode 
are comparable with the ion analyzer or the commercial electrode pair in the Chloride ion 
measuring in blood serum samples. 
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